Photographs of the back surface of the Turin Shroud were analysed to verify the existence of a double body image of a man. The body image is very faint and the background not uniform; i.e., the signal-to-noise ratio is lower than one. Therefore, image processing, developed ad hoc, was necessary to highlight body features. This was based on convolution with Gaussian filters, summation of images, and filtering in spatial frequency by direct and inverse bidimensional Fourier transformations. Body features were identified by template matching. The face and probably also the hands are visible on the back of the Turin Shroud, but not features related to the dorsal image.
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Introduction
The Turin Shroud (TS) is 4.4 m long and 1.1 m wide; on it the complete frontal and dorsal images of the body of a man are indelibly impressed (figure 1). It has one frontal and one dorsal image of a naked man, separated by a space between the two images of the head. The images show an adult male, well proportioned and muscular, with beard, moustache, and long hair, and are compatible with a man 175 ± 2 cm tall enveloped in a sheet (Basso et al 2002) . The TS is believed by many to be the burial cloth in which Jesus of Nazareth was wrapped before being placed in a tomb in Palestine about 2000 years ago. The TS cloth is handwoven, each thread (non-constant diameter of about 0.25 mm) is composed of 70-120 linen fibres (Fanti and Moroni 2002) , and it has a herringbone 3/1 weft. Impressed on the cloth are many other marks due to blood, fire, water, and folding, which have greatly damaged the double body image.
After restoration of the TS by the nuns in Chambéry, following the 1532 fire which had seriously damaged it, a piece of Holland cloth was sewn to the back of the TS. The points at which the two pieces of cloth were put together prevented observation of the back surface of the TS until 2000, when the central part was unstitched to allow the passage of a scanner. Images of the back surface of the TS corresponding to the frontal and dorsal images could thus be acquired. In 2002, the TS was completely unstitched from the Holland cloth and its back surface was photographed (Ghiberti 2002) , both overall and in detail. Lastly, a new reinforcing cloth, which again now prevents direct observation of the back of the TS, was sewn in place.
In 1931, Enrie (1933) photographed the TS at high resolution using an orthochromatic plate. The TS body image appears as a photographic negative, and its luminance levels can be related to the 3D image of a human body. Some other characteristics of the body image (Jackson 1990, Moran and are: superficiality, resolution of some millimetres, and absence of side images. The image is chemically due to molecular changes in the linen fibres of the cloth and it is consistent with the vertical projection of a human body. The image (dehydration and oxidation of cellulose) is present only on the outer surface of the linen fibres (their medullas are not coloured). There are no signs of cementation among the fibres and the maximum luminance level of the frontal image is the same as that of the dorsal image; the luminance level of the face is about 20% higher.
The possible presence of an image on the back of the TS, as postulated by Jackson (1990) , is important for understanding the mechanism of formation of the body image. The image superficiality is very influential on the results of this paper and it is supported by a lot of statements (Weaver 1980 , Pellicori and Evans 1981 , Schwalbe and Rogers 1982 ; for example Adler (1999) writes: 'The image only goes one fiber deep, lying on top of the crowns of the threads of the weave of the cloth ' and Jackson et al (1984) specifies that, comparing the reflected light photograph with the equivalent transmitted light photograph, the intensity of the body image appears to be considerably less than for those same areas in the reflected light image; thus the much fainter body image in the transmission image is explainable as a discoloration residing only on the uppermost surface fibres of the cloth. Furthermore Rogers (2003) states that he observed the area of the body image near the nose, and that the image only involved the outermost linen fibres, for a maximum thickness of about 0.03 mm.
When dealing with the TS, we define fs (front surface) images as referring to the visible side of the sheet, i.e., the surface always shown during exhibition; we define bs (back surface) images as referring to the surface normally hidden by a reinforcement cloth sewn onto the back of the TS. On the basis of the image of the face acquired by scanning (Archdiocese 2000) , it was presumed that a very faint image appears on the bs of the TS (Moran and Fanti 2002) . The photographs of the bs taken in 2002 (Ghiberti 2002) show that some traces of hair on the fs are visible to the naked eye. Ghiberti proposes that perhaps the hair too left an image on the bs, because organic matter from it, such as sebum, would penetrate the fabric, but this hypothesis must be rejected, because sebaceous materials would be fluorescent under ultraviolet light, and the UV photographs taken by Miller and Pellicori (1981) in 1978 of the fs of the TS do not show any fluorescence near the hair.
In this work, some photos of the bs of the TS are analysed by eidomatic procedures, in order to verify whether and where there is a body image on the back of the sheet and whether it corresponds in both position and form to the front one (Maggiolo 2002 (Maggiolo /2003 . Unfortunately, the original photographs of the bs, owned by the Archdiocese of Turin,
have not yet been made available to the scientific world. The only photographs available for analysis are those published by Ghiberti (2002) and the results of scanning (Archdiocese 2000). They were made available to the present authors for scanning and image processing, thanks to kind authorization by Ghiberti, of the Archdiocese of Turin.
The ad hoc eidomatic procedure, used to highlight details in photographs not visible to the naked eye, was first applied to the photograph of the face taken by Enrie (1933) in 1931, to compare the effectiveness of the method. The procedure was then applied to various images of the face, on both the fs and bs of the TS, in visible and IR light, and to photographs of the arms and shoulders (fs and bs), for more detailed comparisons regarding the possible double superficiality of the body image.
The procedure was based on image convolution and subsequent filtering in the spatial frequency domain using Fourier transforms. Other work based on Fourier transforms (Marion 1998) has been proposed to enhance some details of the TS, but ours is quite different, because it is suitable for enhancing body details partially masked by bands of colour.
Optical characteristics of images and conventions
The following conventions for the black-and-white images of the TS must now be established. The body image has some characteristics of a photographic negative because the protruding parts are darker in tone than the rest of the body: the luminance distribution is opposite to that which we perceive in reality. For better perception of anatomical details, the photographs are presented in negative with respect to the originals; that is, the luminance levels are inverted.
The frontal body image of the TS is a mirror image of the man: the photographs are therefore specular with respect to the original image. As an example for clarification, let us consider the bloodstain in the centre of the forehead, due to a wound to the frontal vein, which has a typical 'ε' shape, since it follows the course of the wrinkles of the face. This ε-shaped stain is used as a reference in the photographs, but is always shown inverted, like a number '3' (figure 2). The photos of the bs of the TS are not specular, in order to simplify comparisons with the corresponding ones on the fs. Therefore, the bloodstain on the forehead is still in the form of a '3' rather than an 'ε'. The hand images were produced on the basis of the same criterion.
The cloth shows bands of yarn of slightly different colours, as the various batches of thread used to weave the cloth show varying degrees of decay. The yellowness of the TS has been defined in the UV-visible range (Gilbert and Gilbert 1980) . The body image is very faint: reflected luminances (or optical densities) are typically less than 10% in the visible range (Schwalbe and Rogers 1982, Jumper et al 1984) . For example, if a non-contrast-enhanced photograph is digitized to 256 luminance levels (Schwortz (1982) colour photograph of 1978), the mean b/w luminance level of the background near the face is 210, and a darker mean level of 191 is found near the nose and eyebrows; mean values are obtained in windows 10 mm ×10 mm wide. This implies that contrast enhancement is necessary for the human eye-brain system to perceive body features well.
This type of enhancement also evidences other details such as the herringbone weft of the cloth, its longitudinal bands, water stains, bloodstains, and other defects which can all be reduced by means of proper digital image processing.
The bs of the TS shows that the body image, if it exists, is fainter than that on the fs and is partially hidden by the longitudinal bands. If a non-contrast-enhanced photograph is digitized into 256 luminance levels (Ghiberti 2002) , the mean b/w luminance level of the background near the face is 197, corresponding to a bright band, and 179 in the dark band. This means that there is a variation of about 10% in luminance levels, due to the presence of the bands. A darker mean level of 170 is found near both nose and hair-this means that there is a variation of only about 5% in mean luminance level between a dark band and the maximum value of a body feature. In other words, the signal-to-noise ratio is about 0.5; i.e., some image processing is needed to make the body features perceptible to the human eye-brain system.
As regards the spectral characteristics of the images, the face photographed by Enrie (1933) (fs), using an orthochromatic plate of 30 cm × 40 cm, is analysed here as a reference, because it is still the photograph which shows the best contrast available to researchers. This photograph was digitized by means of square pixels of L p = 0.102±0.001 mm, corresponding to a spatial sampling frequency f s of
The fast Fourier transform (FFT) of the Enrie photograph, in a 2048 × 2048 window, has an upper frequency f u of
and a frequency resolution f r of Figure 3 shows the FFT of the photograph of figure 2(b). The body image has a resolution of a few millimetres because the body contours are faded and no details below this limit are discernible. The corresponding spatial frequencies are therefore less than 100 m −1 -much smaller than those characterizing other noise due, for example, to the weft, sized at about 1.0 and 1.6 mm along the horizontal and vertical directions respectively, with typical spatial frequencies of 980 and 630 m −1 . Accordingly, the pixels representing the body image values in the FFT plot are only located around its centre. It is therefore clear that low-pass frequency filtering, with spatial cut-off frequencies of about 100 m −1 , can eliminate image noise such as that of the weft, leaving the body characteristics of the image unchanged.
To determine the body image resolution more accurately, the following inverse method was employed. All luminance levels belonging to a predefined radius centred at the zerofrequency value of the FFT of the body image were set at zero, and an inverse FFT (IFFT) was then obtained. The resulting image corresponds to the initial photograph, but without its lower spatial frequencies and therefore without its body characteristics.
In figure 4 , a radius of 13 pixels from the centre was selected, and all frequencies below the cut-off frequency f c were then eliminated: This procedure was repeated for radii of 17 and 21 pixels, yielding respectively spatial cut-off frequencies of f s = 81.2± 0.8 and 100.4 ± 1.0 m −1 . Figure 5 shows the IFFT of the Enrie face after frequency filtering. Clearly, details of the lips disappear (figure 5(c)), showing that the body features are characterized by frequencies greater than 80 m −1 but less than 100 m −1 -i.e., details with a spatial period of about 10 mm and therefore a resolution of about 5 mm.
Digital image processing
A technique of digital image processing able to evidence the body features present in an image which contains noise of various types with signal-to-noise ratios of less than one is presented and discussed here. This technique, using Optimas 6.1 and Photoshop 7.0 software, covers several phases:
(1) acquisition of printed images, by scanning and digital processing; (2) processing to eliminate the vertical band effect in the background; (3) processing to eliminate the narrow marks of folds, etc; (4) choice of suitable windows, filtering in spatial frequency in them, and reduction of noise caused by the windows; (5) processing to render the background more uniform, and image enhancement.
Image acquisition and processing
The following images were acquired and processed:
(a) the face, fs, high-resolution photograph taken by Enrie (1933) , with orthochromatic film; (b) the face, fs and bs, obtained by means of a scanner positioned in contact with the TS, screened at 360 dpi (Archdiocese 2000)-this image, although of inferior quality in comparison with the images in (c), does serve for comparing results; (c) faces, fs and bs, screened at 360 dpi (Ghiberti 2002) ; (d) the face, fs, high-resolution photograph taken by Judica Cordiglia (1976) in 1969 with an infrared (IR) film; (e) hands, fs and bs, screened at 360 dpi (Ghiberti 2002) to verify the possible presence of images in zones different from the frontal image on the back; (f) a photograph of the shoulders, bs, screened at 360 dpi (Ghiberti 2002) to verify the possible presence of images in zones of the bs image.
The processing procedure was developed to highlight further the body features of images (c), because these are perhaps the most delicate and interesting to study.
Other photographs not being available, the images of the bs of the TS were digitized from printed volumes, with reprint permission kindly furnished by Giuseppe Ghiberti (Archdiocese 2000 , Ghiberti 2002 ).
For example, in the case of the face (Ghiberti 2002) , the original image, colour printed with half-tone screening of 360 dpi, was acquired by scanning at a resolution of 600 dpi. Screening was subsequently removed, convoluting the digitized image with a Gaussian filter of radius 1.5 and then using a 3 × 3 matrix filter.
Image sizes were then reduced to 58%. An image matrix of 2100 × 2948 pixels was obtained for the whole image acquired from the bs of the TS; the dimensions of the face in the photograph (about 1800 × 2100 pixels) are about 130 mm × 150 mm and the size of a square pixel is 0.07 mm on the scale of the photograph. As the acquired image of the photograph is reduced to 66% of its real size, the real pixel size corresponds to about 0.10 mm. The digital photograph resolution of 0.10 mm is therefore good enough for highlighting body details of some millimetres.
Processing to eliminate the vertical band effect (background)
The TS has longitudinal bands of different colours, probably due to the process of retting, which disturb the body images, especially on the back, where there are the fewest variations in luminance. These bands introduce nearly the same luminance values in the longitudinal direction. To eliminate the bands and to make the background more uniform, the following matrix summation was performed.
Let us consider, as an example, the photograph of the arm zone, bs ( figure 6(a) ). This image was convoluted with a Gaussian filter of radius 100 pixels to eliminate all its higher frequencies; three samplings of horizontal lines were made in zones without bloodstains or body image, and their mean profiles were evaluated ( figure 6(b) ). The result was an image having dimensions equal to the initial ones and a profile of luminance levels, in the horizontal direction, opposite to those of the mean background but constant in the vertical direction ( figure 6(c) ). The resulting matrix (the sum of the images of figures 6(a) and (c) minus a constant luminance level of 30 to obtain the same mean luminance as for figure 6(a)) was taken to obtain the image shown in figure 6(d) , in which the background is more uniform.
Processing to eliminate fold marks
The photographs show several marks, mainly straight, generally caused by folds in the fabric. As they do not always follow the same direction, processing unlike that described in section 3.2 was employed, to reduce or eliminate these marks. Frequency filtering in the spatial frequency domain was performed to reset the characteristic frequencies inside a pre-selected window with strong longitudinal development (for instance, 128 × 2048 pixels).
These windows were chosen in the image to entirely include the noise to be removed (represented by a narrow vertical fold in figure 7(a) ). In fact, taking the FFT of this window (figures 7(b), (c)) practically introduces a single high luminance value corresponding to the spatial frequency of the thickness of the fold to be eliminated. This value was then set at zero and the IFFT was obtained ( figure 7(d) ). The defect is practically absent in the final image.
Spatial frequency filtering inside windows and noise reduction
Filtering was performed by a trial-and-error procedure, consisting of taking a direct FFT and step spatial frequency filtering, by resetting the luminance values of some frequencies and then obtaining the IFFT. If the resulting image did not introduce evident loss of information of body features, the procedure was repeated, resetting the values of the lower spatial frequencies in both horizontal and vertical directions. This procedure was continued until some frequency related to the body image was cancelled.
Sixteen windows were selected inside the image, in order to obtain spatial frequency filtering in an independent way. Every adjacent window, of dimensions 512 × 512 pixels, was overlapped for a band of 12 pixels, to make their edges less evident during reconstruction of the final image. It should be noted that the spatial frequency resolution is four times better in the FFT spectrum of the whole image than in that of each window, and that the full-scale frequency remains the same. Independent frequency filtering in each window was preferred, rather than direct processing of the whole image, for the following reason: the FFT of the whole image (i.e., the power spectrum), in terms of peak amplitudes, involves adding the various spatial frequencies of the characteristics of many body features present in the image. It is therefore easier to cancel a sinusoidal component (or spatial frequency) of a detail which does not correspond to the body in a certain zone of the image, but which is important in another zone. Filtering of the whole image may then be either less effective, or it may cancel a detail of interest. Instead, if filtering is performed inside a smaller window, each one yields better definition of the particular contour curve, in the x-y plane of the FFT power spectrum, relative to the cut-off filter. The information content of such simpler images is lower, and therefore easier to check.
For example, a comparison may be made between figure 8(a), which results from the procedure performed by filtering the whole photograph of the face acquired by Enrie (1933) Clearly, some details of the body image are lost in figure 8(a) , and the result is a 'straightening' of the body features, due to excessive simplification of the image in terms of spatial frequency content.
The grid effect caused by image windowing was further reduced by double blurring of the zones corresponding to the grid. In particular, a first convolution in horizontal and vertical windows, 35 pixels wide, was performed with a Gaussian filter with a radius of 15 pixels (matrix size 31 × 31). A second convolution of the whole image was performed using a Gaussian filter with a radius of 20 pixels.
Processing to render the background more uniform, and image enhancement
As the background of the image does not always have a uniform luminance level, the FFT was obtained and the corresponding spatial frequency values reset, to yield a more uniform background. For instance, the photograph of the face, bs (Ghiberti 2002) , has an upper zone which is darker. To make the background more uniform, the FFT was obtained inside a window of 2048 × 2048 pixels. The characteristic frequencies are relatively low and were found on the vertical axis of the FFT. Once found, they were reset and the IFFT was obtained. Figures 9(a) and (b) show respectively the image and its FFT before processing, and figures 9(c) and (d) those after correction. At the end of these operations, the resulting image has a variance in luminance values of less than 20. In this case, perception of details is not easy for the human eye, which can clearly distinguish about 60 different shades of grey. Image enhancement was therefore applied by gamma correction of the luminance values and equalization of the resulting histogram. Lastly, the dimensions of the images were reduced to 33%.
The results of the processing of some of the images analysed are presented in figures 10(a)-(d).
Figures 11(a) and (b) compare the face, bs and fs (Ghiberti 2002) . Subjectively, some body features also appear on the bs, but objective analysis is presented in the following section.
Identification of shapes
As figures 11(a) and (b) show, the processed image of the face on the bs of the TS (Ghiberti 2002) highlights some body features which are similar to those on the front.
For an objective judgment of this comparison, template matching was carried out using eVision's EasyMatch 6.0 software thus allowing comparisons of details contained in images defined by square windows of dimensions up to 250 × 250 pixels. For this purpose, the image sizes were reduced to 35%. The software furnishes the score, the position of the window, its rotation, and its scale factor in comparison with the template.
The correlation formula used to compute the score S of a pattern at a given location is
where σ IP is the covariance of the pixel value between the pattern and the part of the image used:
σ PP is the variance of the pixel value in the pattern: : although inferior in quality with respect to the result obtained by Ghiberti (2002) , this image was used as a reference for the results.
and σ II is the variance of the pixel value in the part of the image used for correlation:
I i, j is the pixel value at position (i, j ) in the image relative to the pattern position tested, P i, j is the pixel value at position (i, j ) in the scaled and rotated pattern, m I is the mean pixel value in the part of the image used for correlation:
and m P is the mean pixel value in the pattern: In practice, a score of one is impossible to obtain, because of electro-optical noise in the digital image: this would mean perfect coincidence of the image, defined in the comparison window, with that of the template. A coefficient greater than 0.6 makes matching between the two images acceptable.
Comparisons were performed with reference to the following images:
(1) face, frontal image; (2) arms and hands, frontal image; (3) shoulders, dorsal image.
Face, frontal image
Comparisons were made with reference to the following details: (1) moustache and tip of the nose, (2) tip of the nose, (3) nose, (4) eyes, (5) detail of the hair, left, (6) detail of the hair, right, (7) eye, right, (8) eye, left.
Comparisons of the face images were made between the following processed images:
(1) fs (Ghiberti 2002) and bs (Ghiberti 2002) ; (2) fs (Ghiberti 2002 ) and fs IR (Judica Cordiglia 1976); (3) fs (Ghiberti 2002) and fs (Enrie 1933) ; (4) bs (Ghiberti 2002) and fs (Enrie 1933 ); (5) bs (Ghiberti 2002 ) and fs IR (Judica Cordiglia 1976); (6) bs (Ghiberti 2002) and fs (Ghiberti 2002) .
Note that the differences between comparisons (1) and (6) lie in the fact that, in comparisons (1)-(3), the template image is 'fs (Ghiberti 2002 )', whereas in comparisons (4)- (6) it is 'bs (Ghiberti 2002) '. The resulting different scores depend on the type of template. Table 1 shows the score results higher than 0.6 for different images and anatomical details. Comparisons with the images of the face, fs and bs (Archdiocese 2000), are not reported, because their quality, acquired with a scanner, is not comparable with that of the 2002 photographs. Although visually some anatomical details (hair, nose, eyes) can be recognized (Moran and Fanti 2002) in the face image, bs (Archdiocese 2000), template matching furnished relatively low scores. In any case, this image is important because it confirms, as a test of reproducibility, the body features highlighted in the image of the face, bs (Ghiberti 2002) . (Ghiberti 2002) . In (b), the resolution of image is insufficient to show fingers, but a clearer area in the centre, surrounded by a darker area, may be the imprint of hands.
Comparison of columns 1 and 6 reveals the stability of the results. In general, scores change by a few percentage points, but in some cases (e.g., eyes) the detail is recognized with a score of under 0.6. As regards column 3, the two different photographs of the same image furnish quite high scores, but none of them are equal to 1: they range from a maximum of 0.96 (right eye) to a minimum of 0.65 (hair to the right). Probably electro-optical noise, the difference in quality of the photographic films, and the different lighting conditions were responsible for these results.
Analysis of columns 1, 4, and 6 shows that the image of the face, bs (Ghiberti 2002) , is recognized in all its detail as corresponding to the image of the face, fs: the hair, right side, is difficult to identify (only column 4), but it gave rise to other identification problems (see column 3). Recognition scores vary from 0.61 to 0.90, and it may therefore be stated that the features of the image of the face, bs, of the TS correspond to those of the face, fs. It should also be noted that the image of the face, bs, is found in the same position as the corresponding one on the front, in all its detail, and on the same scale, with non-detectable relative rotation within the range of measurement uncertainty (3% for the scale factor, 3
• for relative rotations). The image of the face, fs, taken with IR film (columns 2 and 5) is not very similar to the corresponding photograph taken in visible light (column 3), because the maximum score does not exceed 0.92, but some details are not recognized (hair, left eye). Instead, a certain similarity of some details of the IR image with that of the bs can be observed: the tip of the nose, for example, gives a score of 0.89. Perhaps the characteristics of IR light in detecting in-depth details of the fabric contributed to producing an image similar to that of the bs.
Observe that the detail of the nose, bs, shows the best correspondence with the IR image (column 5, score 0.89) rather than with the image in visible light, fs (column 6, score 0.88).
As an example of the results, figure 12(a) shows the window corresponding to the details of the nose and moustache on the image of the face, fs (Ghiberti 2002) , and figure 12(b) those of the face, bs (Ghiberti 2002 ) (score 0.88).
Arms and hands, frontal image
Recognizable details of arms and hands are not easy to find on the back image by means of the template matching technique, because details of fingers are not reproduced on the bs. Therefore, although it cannot objectively be stated that an image of the hands exists on the bs of the TS, the eyebrain system can perceive a clearer stain ( figure 13(b) ) which is correlated with the imprint of the hands ( figure 13(a) ).
Such an imprint on the bs of the TS does appear, although-for the time being-this cannot be shown numerically. If the Archdiocese in Turin makes available other photographs, including those taken in UV, which bring out details of the body image better in comparison with the background, it may be possible to verify that there is an imprint of the hands on the bs of the TS.
Shoulders, back image
Analysis of the back image focused on the shoulder area, because it is at that point that there is greater contrast between body features and the background. The procedure described in section 5 was applied to the bs image, but the resulting body image, if it exists, cannot be perceived either by numerical methods or by the human eye-brain system. If it does exist, it is masked by the noise of the digital image itself.
According to the quality of the images available up to now, traces of the back body image cannot be detected on the bs of the TS.
Characteristics of the face image on the back surface
The photograph of the face, bs, contains some body features such as the nose, eyes, hair, beard, and moustache, which show a face on the TS. This image is very similar to that of the face, fs (figure 11).
The image on the bs, like that on the fs, has the following properties. It presents as a photographic negative because the protruding parts are darker than the rest of the body (see It must be observed that the contribution of the image on the fs of the cloth to the image recorded on the bs of the cloth is practically nil. That is, the local optical penetration depth associated with producing each original photographic print and scanner data obtained directly from the cloth is less than the local fabric thickness. To show this, a thin layer of graphite (letters 'IL') was put on a piece of fabric having the same characteristics as the TS and it was photographed (both its front and back surface). As can be observed in figure 16 , no signs appear on the bs.
This statement is strengthened if we observe that the image of the face impressed on the bs has some slight differences with respect to that on the fs. For example, the nose on the bs presents the same extension of both nostrils, unlike the fs, in which the right nostril is less evident (figures 11 and 15) .
Since the body image on the fs is superficial (Weaver 1980 , Pellicori and Evans 1981 , Schwalbe and Rogers 1982 , Jackson et al 1984 , Adler 1999 , Rogers 2002 , and an image on the bs exists, the central part of the fabric was clearly not involved in the creation of the image-i.e., the internal part of the linen fabric does not have an image.
Therefore it has been ascertained that an image exists on the back of the TS. It certainly corresponds to the face and probably also to the hands, where the luminance levels are higher. In other words, there is an image on the bs corresponding with the one on the fs, which, at least as regards the face, corresponds to it in form, size, and position.
The face image is therefore doubly superficial. This means that, if a cross-section of the fabric is made, one extremely superficial image appears above and one below, but there is nothing in the middle (figure 17).
No image was detected on the bs corresponding to the dorsal image. If it exists, it is masked by digital noise. Therefore, we only have the frontal image on the bs of the TS. This is what was postulated in earlier research (Jackson 1990) , where however a hypothesis was made that is not yet scientifically verifiable, but the double superficiality is also explained by another phenomenon which may have been responsible for the formation of the body image: a corona discharge (Scheuermann 1983 , Lattarulo 1998 , De Liso 2002 ; future analyses will clarify this point.
Conclusions
This work analyses the first photographs of the back surface of the TS, made available by the Archdiocese of Turin. The double frontal and dorsal image of a man, imprinted on the front surface, is very faint. The body image on the bs is even fainter; i.e., the signal-to-noise ratio is about 0.5. For this reason, image processing was necessary to highlight body features, and an ad hoc image enhancement procedure was developed. This procedure was based on convolution with Gaussian filters, summation of images to make the background more uniform, and filtering in spatial frequency by means of direct and inverse bidimensional FFTs. One limitation of this procedure would be revealed if both the images of interest and the defects were characterized by similar spatial frequency values, but this is not the case for the image of the TS man: on the face, the spatial frequency values cover a field less than 100 m −1 , whereas the weft of the fabric, considered in this case as a defect, gives rise to spatial frequency values higher than 980 and 630 m −1 in the horizontal and vertical directions respectively.
The proposed method of enhancing digital images can be applied to a wide range of photographs that have deteriorated having spatial frequencies of the optical defects different from those of the image of interest.
Objective identification of body features was also performed by comparing images based on correlations furnished by template matching. It turns out that the face of the TS man is also present on the bs; the image of the hands is probably also partially visible on the bs, whereas no dorsal image (for example, the shoulders) can be detected.
As stated by many scientists, the body image is extremely superficial and gives rise to a particular characteristic: the double superficiality of the frontal image of the TS face. This characteristic will be taken into account in a future explanation of the body image formation mechanism.
